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V i/T *— b * A V i^T*- b fc*f L"CKJE44<0£> ft 4<- 

f7'J ymntub mnWBtf t> (i^^ffi k 

2r**-c\ -f y^r^-b*tJtLTRjee<ofcs^ 

&< k t) 2<|£W Vy7*- h»3:-§r*-f ftfrtfcJi'f 
y^-T*- hSCWLT^JSttO&ft^SK k fc 2»0 
£ * ft ^m&tf ^<7)#'§m±TJI& ft KJEtt 

<o^< k t 2ji<7)-f y v-r*- ha£3-irf ftfl^fc 

1 ft #T«f^ J£ttS±-C#l& ft RJCtt &^Tf ft 'J?% 

< k i 2ffl<o*s:^rr4^*asjirt-s - 1 zwmt-t 
& , if *ii i ietso«s«^ y * >comm.m« 

[lf*H3] 4»S:<kt>2»?H y^T*-h*£* 

•tft^f y>-r*- vvvvi, a-'jav^t^ 
>?y2, 4-^My^r^-K hy^y^r-fhb 

1/yl, 4-y-fVi/7*-h. t7^I/yi, 5-^ 

-fy^r*— k h'jy'yyMym-h, t'7x- 
/ws^f vs^r*— k 4 y*oy^ vs^r*— k 2 

K 2 - - f yy7t b7nt>y^nMy/N y x7 
*-K 4-^f-^^y T D^v;H , 3-^yy7 
h, $y>?n'vafv/yy<?y2, 4' -y^yy7 
*- h i5£V*(7)m-&Mfrt>MiR*tZ> Z k & WSk -* 

h . mm 1 ie»<o««« * ii ufciK u 

[IHM4] 4 yxT*-h»C^fCRJSttO*>S 

k t> lMcn 1 15b Kndrv-;U«i> J: tX^SK k t> 1 
2fgb Ho^^ai7t(±^-^r<kt Ulcot Ko^iy 
;y*fc i tf'J?%: < k t> l flU^ r h S4 < 
k fc 1 fflcob h"n^fy^Si3j:t>%< k fc 1 fflcOTS 

mm. 

& < k £> 2 flilcoS £• ft <fc£8j 1 1 ;i/ k RJ5 S ■£ , 

ittst-f y y7*- bmaxi/tti-fflx'-i y ^r*- ha 



C** LTRJEtt*** ft ilfflt*^}R^rS:-&^rt kit*: 

ft Ltz* y ^ ycosjt^. 

9m>f y y7*- hSfcir/^iar-f v^r*- 

h St:«- L T RJEtt** * ft »*cO?^/T * *f ft ff ^ tl 
ffM^-ti-ft-k&^Sk^ft. ffi^JHllBK^SmcS 

Cff*il7 ] yy7^-h2^4 y^r*- 

hfc^LTRJEtt^ft O^^ftKJEttSrfl-fftHW 
ffiflKfc&8j l *;i/kRJ£§it, ittK>f y xT*- hSfc 

iV4HFBrr>f y^r*- h*t*rLTRjsjttT'*ft>a 
mao^^-^wrft^^n^b^Bs^Rjes-e:, 

ft , f»*il l IBtt<oSi*CS4Wx Ufe>K 'J^y^ y WHS 

[ mem 8 3 »*ifl i *» <?> 4 * x-cox ^-rtifr i js^f a 
ak mmiz 1 1 »jt-r ft z t wx° # ft y •> p ^ 

y. 

[fl*JI9 ] If^iB 1 7 tT"<OV^-rti35>l JRcOie 
ttk UT«3frrs Z k ft ftStce^L^ 

^y *y\/3>>. 

i mm i o ] mnrnmrm rzumm^m^mm 
m-thtz^cn^mb Lx<om$m 1 *»4> 9 *T<ov^-m 
1 mzim<oimtt&tzteamiztiittixLt:#vvi' 

[ff*ni 1 ] mmtm. mhimm. f#vhn- 

tztsbcr>*\ y-V— k tTcolt^il 1 *^ 9 ^f^v^-m 

i «tie«o»K« 4 fciiwwdwwi l ^ u •> u 

[0001] 

fttiLtzxwufy, z commma z vmt-smnm 
mizmtz. 

[0002] 

[&*«&ffi] fyK'J?- (Dendrimers) , fflS^f 

s&tzmvKL'ofcmcomsms x t/mnz^titrzm 

ftft^mt^m. mm*VT$y. ^yr$ f, ^y 
n*y-yi<z^>^xm« <r®mxt?M ztix v ^ ft . i <o^> 

ffc^IfllLVrv^ilJS. WlxtfE. Malmstroem and A. 
Hult. J.M.S.-Rev. Macromol . Chem. Phys. , 1997, C 
37(3), 555-579*3 £ tA'Dendri tic Molecules, R. Newkom 
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e, C.N. Moorefieldfc^t/F. Voegtle, Verlag Chemie, 
Weinheim 1996^|BiK§flT f>£ . 

[0003] w&mzietmiz&fttiLtitfvwfy 

iCOia^t^BXOSSJUi, ffl*.JfR. Spindlerfcitf 
J.M.J. Frechet, Macromolecules 1992, 4809 - 4813k: 

fetes fix v >4 . c: cofltr^t3fa«j§ix3t*-&^fc t vt 

[00 04] 
Utl ] 



H H 




[00 05] 7xy-;H^i O^r-r -yTSix^3, 5- 

4 imoRjet-s * co«a»gffi £ jb v vc ma § *i 
m&wcr>±x"coma.tk ( i ) <!03t#jn*«a»&s/i4. - 

(OHmoXAlt. ( I ) iWCAfWit 

[ 0 0 0 6 ] A. KumarfcilXS. Ramakrishnan, J. Che 
m. Soc, Chem. Coramun. 1993, 1453tC{i. 5gfr& 

Bg^tc «t a Ltitfwu* y^mmmm 

[0 0 0 7] R. SpindleriSiW.M.J. Frechet, J. Ch 
em. Soc, Perkin Trans. I, 1993,913W±, ffijgWtC 
W£*iJ *7V9 ><7)-&1&ffmtZtlX Z CDi%iS 
f>H54 hV&a (dendrite) CDfctfWxJi, iMVi'T 
tKyy^oU r-'i>J:tf#a$*t*:3, 5-y'hH 
o^^'sy^T^n-^^ffMSix, 4"4>£ LTco 

[0 0 08]R.T. TaylorfcitAJ. Puapaiboon, Tetrah 
edron Lett. 39(1998) 80051;: fcL ? >V+*7XRS5*irt 



[000 9] WO 9 7/0 2 3 04C(l itft«CiS 

fi&frli, ^]i.li'y 7 x ^ > yM 7 y 7 V f (M 
D I ) „ h *)\sV ! J4 VisY*—V (TD I ) s p-7 

x-i/yy>f v^r*-K NWfi/^^v^r 

*-h (HDI ) ltl^V*n>'yMyy7*-h 

( i pd i ) x-bh. •xvx-ivrmt. Lxa, mus 

y\)^u—iv, hy^fo-^wty (TMP) i/c 
l^y^x'J h U b-zl^GUHSfU.. -rVHUv-Sr 

S . O H * feJ4 N H^<0M4&ffJ^H t ±A.C0BUiam*«! 

^fc i -5 T fy H V -7 - * »Jtt hZt ifiX # S . iS S 

hcr)\,z-$-&, 
[0010] 

[00 11] 

*f»J-f y i^T^-hcoA VSsT*- hmcoKmn&tztt 
[0012] . *^BJ<4, ^<ktl oc7)Rje 

jEExgt'Sv ^zw.m-humzmm^h z t ^aw 

5 . >M y Sy T *- b tJ J: V/ & tz ttsK 'J -f V 5" 7* 
b * A y jyT h izft LX RJEttT**^* < 1 1> 2 
fflcoS * *^Tf S -ffc^ft i: RJC S -li: 6 i i: C i -a T fMS 
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[0013] Mit, m»ftc0^okmKJ£tt<50* 
{4, ^yK'Jv-^^SBaEkSU&r*. 

c o o i 5 ] *w$<r>m,®mtz*>\z\s.. mmfcxvvv 

WtSSWCfcS. £tz. *»B^aW<O^AfcHi, 
LJt^HHi ^ft e ftti . 'J *? V ? y k 1 

[0016] *3kw<7>mm>tzMzi^ mmzufttiL 
t\ zcoxyyufyii^ fyK'jv-t^it^ 

*r/&fttiiizm#*irr$> z t iz%& . 

[0 0 17] £&S50Ett«)NCO££:rtS*FaU* 
>M V >-7*- h & J; i fcii* >J >f V y 7 *- h 

VxT^-h (2, 4-TD I ) . y'7x-/P 
^^>2, 4-y-fyy7*-h (2,4' -MD 

I ) . MM yi/7tH>;nytS>I.A\ SWilBK 
814 V y7*- h , Wi.(f >f y*nyyM y y7*- h 

( I P D I ) „ 2 -7"^- 2 -xf-^y^yf-uy 

yM y>-7*- K 2— f y ^r^-hrnhr/^^n's. 

4' -J/Myy7*- hfeil^-^^^CKvaEH?- 
yi, 3-yMyy7*-h (H-TDDtW. 

[oo is] »4L<{±, Ncomvmmzmt 

fc&nW&ZtmZith Z k **-CS & 4 y i/7*- h# 

yfZtix^&J ym-h, fllxlf l, 3-7i- 
^yy^ym-ffeiy'i, 4-7i-i/yy-fy 

xT*— K 77^1/Vl, 5-yWyy74- K b" 
7x-^yM yy7*- M MJ =Jy-J4 V y7*- h 

[0019] tOffi, ±ie<7M y y7^- hco«-^ftj*fle 

[0020] ^fy y7V h k KfEte"C&S*J«5:< k & 
2»^g£^6fl:i^ikLT, »*L<«, WfS»# 
N C O 2££*f l/t H & S Rfctt * *T S - W*gflMfr& 



tmmzn&, ntt^-itsm*. tt?wz&%<t 

t> 1 «co 1 Mb H ndf y/i^fcfe £ t^-Sr < k k 1 flgO 2 
1Kb Hn^y^a, k fc 1 fflob h'odf y/PSfc 

*W*< k fcil^W7Mi^l> niz#& I 
vnott, ^< k *> 1 fflcoh Ko^y/l^& i£/4^< 

7syy'5f-^i3j;y7S y h y*— >kca*. 

^flt^dcoh, -i VisT*— h tcO^mzm-f^TS. 

[002134 yyr*-h£ttLTSUEfl:T*s*J^ 

< k t> 2 ffluoS £■ ^rt ^> jt^JO0«i: N 7nh>y 7" U 

-^7$y, n -y ^;ux^ j—)vr s y . yxyy- 
;i^T5y, x?y— ^wv- ^7Sv, yro^v 

-;l/7$y. yMy7DA7-^7Sy, 2-7577 
1 , /k 2-7Sy-2-y^/P7 

[0022] w,z, $mztitzitit®i<Dm.-&m i mm s 

[0023] ^fe^-K U -7 U y ycommzte \ ^TiEWt 
S«Six^«3tSr»-i»^(c, -5-<^>k*^< k kfi-£ 

-r s £ k as** 1 ?* & . Kj&comtmiz s Ramm* , 
m^pj^ * ^ ttwi&ff j^t* k Df «*i s ^mss^x 
3zmztx&wmi$xfoK). *co#'&ffia£±tJi, 

yntzMzhiz^^imbK&txnmztiz. m«co 

*ISI*Ji. i&ft (generations) kitWi"U 

f*«. ^wtkPfifti. viwpmmi. wumttmz 

wirffiafo^fite*^ u v ? y<m.<m&<v%m&m 
m^m^^h z k zmttz . 

[0024] *^BJ« 1 L^^MgtttC^^ 

t . ttffi&R* u ^ iy ^ ycvmmz . is* y y r *- m 

tM75 7 y**-;P 2 ^ ;P k <I klci-oT 
Hlfi^ti. »etf*°y^?yo«1!tft£ffM£^&. 

MtL<li-i O'cco&mftlzh&^x-fo 
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ti, ?65tf>&*lfciflaL 5?^t<{i3 0-8 0°Ccr)|EHrt 
T\ aSSDSitfe^ V x7*- hO§ MZBffi&nN C O 

ttWNCOS*'fflfitt*SB*i:LT*^-4. 5g£. 
, HHfclfcK U >7 U y y <0«ittft<0»3i fc muc , <K 

[00 2 5] ^3 LT^-i&ft^fe^T. WtMM<2«»j: 
[0 0 26] HftStt^-f y xT*-h:B±tP?-ixi:9 

[00 27] mmz&fttiLtzXVVVfylt'mkth 

$}& L < MLhCLft <* 3 &7 5 y i^t-rt- 1 t^fcRJE 
>8»H yxT*-bgfcJ:tMyxT*-M;:*r 

^^h^h\t^^m^ht\uzhh . am 

jea*j«cos t>%z>mMz£~?xfet£Z-&& z t a*rs 
[0028] ^mcofsmn^o i i^mum 

mz& v *T . ftStcte^ L \)*7V-9 v <&m\* . 
>/y7*- b 1^5:^7/^/^75 >"2 

tttr*-tSegWffiflf^^HJfc{iS i 5:SSJettONCO* 

[00 29] #£$r%&t;:ii. ttHfcRifctiffigKS* 
m&ttUt* VU-hm, tfiRffb Fn^fxx 

h**frt68ii»ftT/P3-;p, Bitters yttzte* 



ST)l'a-frt&£ttzimftmzBCI&Zh.Xi>£\ l \ 

%.m<,z£~>xT-mmzzixx t ± < & i.xf/t.tz\$T? 
v>mzm^x-gm{tztixi>£\,\ m^cnv^vv, 
mumit^ v v , BMtra e u y ts ± ?t 

[0 0 30] ttc, NCOSiiTttiNCOStCttLT 

Sftcfc J; V««^£1U tc^f L X T^mxfc h ikX <rxt& 

mxhh„ 

[0031] *m\<r>mm.i,z^mzmtix ttcxv v 

•yttLxmrnxtih* mz, wmwL dum^wm 
m. f-df-vbo-y^j, mitbx, mwmmt&W) 

WX'ZZ. 

[0032] *mi<Wjmizz o , mmzx^to 
»vu?y%mfrt>. m&%jjmx\ nizwgm<?>&fr 
l v i iz . wmntsfmKJsmi uzxwu? 

[0033] 4WS0^£&a!tlftrazJ: ^TPUi-r 

[0034] 

[ mm ] nasw 1 - vvu? y<nwm 
i a ) Ncosmmmm^comm 

2,4-TDI lt^Sr^Jch^xS 0 0m 1 WZ 
mm Lfz. 2 0 °C<Di&&X\ *S*T- h?tK07?>' 
(THF) 5 0m 1 ^^MSfUt^^y x:*-A' 
0 . 3 3^1 mrmzs.-o XffitiH t !t . L 

tzmfo*m\iF%iL. h/ux.yxm»L. ^ms.Tx 

2«oNcoirffiM**L, 

A^W^/-^- : 

: 8 0 % 
WD&: 1 3 4°C 
NCOM: 18. 0Mfi% 
^* : 4 6 6. 5 s/^)V 

[003 5] lb) atS^'J^U^ycoSSliftft^K 
it (bHndfx;Mingtt) 

y'x?y-^7Sy0. 2t;l^tJj:V*l*THF2 0 0 
m 1 £Rm®$sWzAtltl, 2 0°CT\ **THF4 0 

om i wzmmzixtzmsmi a > *>^<oh»«pj^ 
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o . l w& l mmizm.iX mtntfz . ffitotf^ Ltz 
?Siltf%££Mc3B#p B ^#U ^-BifetfftSL 

U ^o«ETT' 8 0X.T1£« ^Jfc^l&iWi. 

wm-. 70% 

: 15 5'C 

: 6 78. 8g/W 

[0036] i c ) mmkt^)^^9y<nmi^<r>m 
m (ncoot) 

2, 4-tdi o. 4 : &;PfcJ:VN-^f-^h-aU K 
y ( NMP ) 1 0 0 m 1 iRmm^^zXtl. 2 0°C 
T\ T H F 5 0 0 m 1 *fc$8KSftfcHJSffl lb)M 
O±)&^0. l*/l^£3 0#|SN;::a98&JnUt:. RJCS 

O-? »J -X.S i# X-mt; L tz . N M P-^^fiSffift 

Sr y'xf;n-f;P 1 0 0 m 1 0 , ® 0 . ffM£ 
tl^Hft&ffVVx^/Wx-fvl/ 10 0ml Tiftif L 
fc. ^«0Blf*c5r«ffiTT'8 0'CT'ia»§* 

fc. EJteferiBfMis 4coNCO*irfl&«**U **oijc<0 
>n°5^-^- : 
IRJP : 9 5% 
tt-fbS : 5 7°C 
NCO#i : 1 2 . 2®i% 
1 373. 4gA* 

[0 0 37] 1 d) mS^ l J r >l^^>^2itft^« 

yl^/-;l-7iy0. 4^/W3il^i;*:THF3 0 0 
m 1 fca&g&'t'KAfU 2 0°CT\ TH F 6 0 0 m 1 
«f (c*»S*i^ltW l c ) frt><&iumo ■ 1 

m^bU. Sm«»^THF5 0 0m 
1 7 9 4 g/WX'fo 9 „ *^8cOOHWtb^Sr 

[0038] i e ) ®m£tf , J i y^?>cvm2mKcow 
m (Ncotitt) 

THF 1 50m 1 *Ut 2 , 4-TD I 0. 

S^JlsZfcfom^lZTjx^ 2 0°CX\ NMP 5 0ml 
ty&BMZtVfzmSWl d) A^c^fK^O. 5^£ 
1 B#PaltcW 0 MAD Lfc . Mit<M£ 2 0 °CT" 3 H$|3IS & 

THF^MffiT^o-^y-xAtfv-?-?' 
BXDEiiUi, NMPMSSft^y'xf^x-- r/1-2 0 

omi t*i-£u ±js*jia[if*yM!t. <e 



iJW^*— : 

JR^5 : 7 8% 

*tfb£: 7 5°C 

NCO^i : 1 0 . 5«fi% 

frf-S. : 3 1 8 7 . 3 g/^E/P 

[0039] mm 2 - awtfiwwiLfcjK u •> v 

? i^SSt ( t h* Ddf X/HT&tt ) 

IPDI l^;W5ril7l<THF3 0 0m 1 WzMML. 
1 OtttSLt. *<0«£. £<OittStC\ THF 1 0 

0 m 1 Wzmf&Ztlfzis'X.? $ > 1 0 

1 0*C-C 3 0#|SHS#U 5*C£MfcU i^V* 
^HS^^W-M 0 OppmSraSJpUJt. ?M-£*£6 
5°CT\ ^79 0^f*tc, ^$ix?ta-&«c(c«J:oT^e 
SftfcaStf^Wte^Sa-CSlfPUfc. SOB* 
THFttJ^MSttJtxx^y-^rsyo. l^uo 

b Hn#^Hi : KOH2 5 Omg/g 
GPCM ( PMMAiRlE) 
iffiMw : 2 5 8 0 0 0 
4H=-*M n : 5 6 0 0 

[0040] #»J 3 - SfJStsR^Mt L*:* U *7 u 
9 ycomm ( t Fndf S^MfflEtt ) 
j/X? 7-/1/7*5 yi ^£* 7 J<THF 3 0 0m 1 
*»U A^l O'CtC^SlL/i. %<7)mz, dtfOfSJK 
T\ TH F 1 0 0 m 1 tfl-^$iX7t I P D I 1 ^/P£ 

ml. MmmzB&z&tz. wmtw&Ltztk. sum 

1 0°CT"3 O^BMBfL, ^3 6 5°C«D»b, 
x/f ^y'^^U-H 0 0 p pm»U. -e<7) 

mz. mmimmzz-ytz. mm*6 5x:x\ ^90^ 
mz, &tfZ2titzm&mzj;nxmmtifzimtf^%i 

mztcZZ XW'f Ltz . J*J££ T H F +tc:^»S *ufc x 

t h'adf>"/MB : KOH280mg/g 
GPCM (PMMAKIE) 
*fiMw : 14 7 0 0 0 
n : 5 3 0 0 

[004 1 ] HSS^ij4 - lSiSl=S*h. Ltzffi Wis 
9 ycomm ( b Fn^r ^/Utf gtt ) 
2, 4-TDI l^;l/£$|7j<THF 3 0 0m 1 fpizm 
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HF 1 0 0m 1 WzmmZtltzX.? J-)V7X3^J-)V 
fcft. RJBS-^ftS: 2 3 0 Cfc:#aa$i2\ i<50«BKT3 0 
y^roAV-^r ^ y o . l qE^aapti o xff 

b Kn^r^i : KOH290mg/g 
GPCM ( PMMARIE) 
*flMw : 8 6 0 0 
WiMn : 36 0 0 

[004 2] IU*fl|5 - ^t:mu^y^^ 
^y^Mii (NCOWflBtt) 



t n-;P 1 ^5ri;KD M F 3 0 0 m 1 4H-J$Jff 

JgT\ DMF3 0 0mlW:«^2, 4-TDI 

1*. RjCE»&!»* 2 3*C(3#iS$iK JieoaatC6 0^ 
fSUSffWro mz, gOE*DMF*te»»§*trt:2, 4 

-tdi o. l*;uoaawfc:J:r>Tff±»^. 

NCOfri : 1 3. 4«»% 
GPCM ( PMMAKIE) 
*fiMw : 7 3 0 0 
4H 1 *M n : 2 6 0 0 



(72>»$|# *;n>*\ 

hM^y. 67245 . 7 T)V*r 
X)VVx.U^ 20 

67063, ^b^-f 7tXA^7 
x>\ XJUXi/^h^—t. 13 



(72)^* rj>^-K ^f^7xy^7r- 
K-Py. 67280. X-A^yy^A. T-f 

hM*y. 64625. ^yxA^fA, *y#? 

Xyah7-t, 24 
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[ ft ED H 91 M * ] 

1 Title of Invention 

Dendritic and highly branched polyurethanes 

2 Claims 

1. A process for preparing dendritic or highly branched 
polyurethanes by reacting diisocyanat.es and/or 

po ly isocyanate s with compounds containing at least two groups 
which arc reactive toward isocyanaten, wherein at least one 
of the reactants contains functional groups having a 
different reactivity compared to the other reactant and the 
reaction conditions are selected so that only certain 
reactive groups react with one another in each reaction step. 

2. A process for preparing dendritic polyurethanes as claimed in 
claim 1, which comprises adding a molecule containing at 
least two groups which are reactive toward isocyanate groups 
or containing at least two isocyanate groups of differing 
reactivity onto each of the functional groups of a 

poly functional molecule containing at least two isocyanate 
groups or containing at least two groups which are reactive 
toward isocyanate groups, then adding a molecule containing 
at least two groups which are reactive toward the free 
reactive groups and have differing reactivity onto the free 
reactive groups of the resulting molecule, and so forth until 
the desired molar mass has been reached or a further addition 
reaction is no longer possible for stearic reasons* 

3. A process for preparing dendritic or highly branched 
polyurethanes a* claimed in claim 1, wherein the isocyanates 
having at least two isocyanate groups are selected from the 
group consisting of tolylene 2, 4 -diisocyanate, tolylene 

2 , 6 -diisocyanate, diphenylmethane 2 , 4-diisocyanate, 
triisocyanatotoluene, phenylene 1,3- and 1,4 -diisocyanate, 
naphthylene 1 , 5-di isocyanate, tolidine diisocyanate , biphenyl 
di isocyanate, isophorone diisocyanate, 
2-butyl-2-ethylpentamethylene diisocyanate, 

2-isocyanatopropylcyclohexyl isocyanate, 4-methylcyclohexyl 
1, 3 -diisocyanate, dicyclohexylmsthane 2,4 ' -diisocyanate and 
mixtures thereof. 
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4. A process for preparing dandritic or highly branched 
polyurethanes as claimed in claim 1, wherein the compounds 
having at least two groups which ara reactive toward 
iaocyanate groups are compounds having at least one primary 
and at least one secondary hydroxy 1 group or aL least one 
hydroxyl group and at least one mercapto group or at least 
one hydroxy! group and at least one amino group in the 
molecule. 

5 . A process for preparing highly branched polyurethanes as 
claimed in claim 1, which comprises reacting one mole of an 
iaocyanate with one mole of a compound containing at least 
two groups which are reactive toward isocyanate groups and 
have differing reactivity and reacting the resulting compound 
which contains both free iscx:yanate groups and free groups 
which axe reactive toward isocyanate groups intermolecularly 
to form a highly branched polyurethane. 

6. A process for preparing highly branched polyurethanes as 
claimed in claim 1, which comprises reacting one mole of a 
diisocyanate with one mole of a tetraf unctionaL compound 
which is reactive toward isocyanatea and reacting the 
resulting compound which contains both free isocyanate groups 
and free groups which are reactive toward isocyanate groups 
intermoleeularly to form a highly branched polyure thane. 

7 . A process for preparing highly branched polyurethanes as 

claimed in claim 1 f which comprises reacting two mole of a 
diisocyanate with one mole of a trifunctional compound 
containing groups which are reactive toward isocyanate groups 
and have differing reactivity and reacting the resulting 
compound which contains both free isocyanate groups and free 
groups which are reactive toward isocyanate groups 
intermolecularly to form a highly branched polyurethane - 

a . A dendritic polyurethane whioh can be prepared as claimed in 
any of claims 1 to 4. 

9 . A highly branched polyurethane can be prepared as claimed in 
any of claims 1 to 7. 

10. The use of dendritic or highly branched polyurethanes as 
claimed in any of claims 1 - 9 as a component for preparing 
polyaddition or polycondensation polymers. 
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11. The use of dendritic or highly branched polyurethanes as 
claimed in any of claims 1 to 9 as phase compatibilizers, 
Theological auxiliaries, thixotropes, nucleating agents or as 
catalyst supports or carriers for active compounds. 
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3 Detailed Description of Invention 

The present invention relates to dendritic and highly branched 
polyurethanes, to a process for preparing thorn and to their use. 

Dendrimers, arborole^, starburst polymers and hyperbranched 
polymers are terms for polymeric structures which have a branched 
structure and a high functionality. These structures have been 
described in different variants for many clashes of polymeric 
compound*, for example for polyamines, polyamides, polycthers, 
polyesters, polyphenylenes and polysiloxanes . A comprehensive 
review of this field is given, for example, in E . Malmstrdm and 
A. Hult, J.M.S.-Rev. Macromol. Chem. Phys w 1997, C 37(3) , 
555-579 and in Dendritic Molecules, R. Newkome, C.N. Moorefield 
and F . Vdgtle, Verlag Cheiaia, Weinheim 1996, 

oendritic and highly branched polyurethanes are accorded only 
little importance in the literature at present. The preparation 
of such compounds is described, for example, in R. Spindler and 
J. M. J. Frechet, Macromolecules 1992, 4809 — 4813. In the 
process described there, highly branched polyurethanes are 
prepared by an intermolecular polyaddition reaction o£ monomers 
oe the formula (I) 

This monomer, which may be regarded as phenol -capped 
3,5-diisocyanatobenzyl alcohol, is prepared from 
3, 5-dinitrobenzyl alcohol in a four-stage reaction by means of 
various protective group techniques. On heating, phenol is 
eliminated and Lhs polyaddition of the monomers (I) onto one 
another commences. Disadvantages of this process are that the 
monomer (I) is not commercially available and the preparation of 
the highly branched polyurethanes described in thus very 
expensive and that the required elimination of phenol is 
associated with toxicological and occupational hygiene problems. 

A. Kumar and 3. Roinakrishnon, J. Chem. Soc, Chem, Coramun. 1993, 
1453, describe the preparation of highly branched polyurethanes 
by a single-vessel synthesis. Here, a dihydroxybenzoyl azide is 
first generated and this polymerizes intermolecularly under the 
action of heat with elimination of nitrogen. The monomer 
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described in this process is also not commercially available and 
the phenyl urethanes are thermally unstable , which restricts the 
possible use of the products. In addition, azides are difficult 
to prepare and to handle* 

R. Spindler and J. M, J. Frechet, J. Chem. Soc, Perkin Frans. I, 
1993/ 913, describe a synthesis of structurally uniform 
polyurethanes in which dendrite branches ars built up from a 
diisocyanatobenzyl chloride and a protected 3 , 5-dihydroxybenzyl 
alcohol and are coupled to a polyfunctions! alcoliol as center. 
Here too, the monomers described are not commercially available 
and the preparation o^ the dendrimers is thus expensive. 

R. T. Taylor and U. Puapaiboon, Tetrahedron Lett. 39(1998)8005, 
describe a dendrimer synthesis via a Curtius reaction. Here, 
dendritic urethane branches are first generated from aromatic 
phonoldicarboxylic acids by treatment with alcohol and 
diphenylphosphoryl azide using protective group techniques and 
these are then coupled convergently to a triurethane derived from 
benz«netric*rboxylic acid. The disadvantages of this, process are 
tha same as those mentioned above - 

WO 97/02304 describes a process for preparing dendritic and 
highly branched polyurethanes in which compounds customary in 
polyurethane chemistry are used as starting materials. Isocyanate 
components used are, for sxamplo, diphenylmethane diisocyanate 
(MDI), tolylene diisocyanate (TDI), p-phenyieae diisocyanate, 
hexamethylane diisocyanate (HDIJ or isophorono diisocyanate 
(IPDI). As polyol component, use is made, for example, of 
glycerol, trimethylolpropane (TMP) or pent aery thri to 1. To prepare 
the dendrimers, monomers which have one NCO group and two 
protected OH groups are produced in <a first reaction step. 
Addition of these monomers onto an OH or NH containing 
initiator molecule and removal of the protection on the OH groups 
gives poiyurethane polyols which grow into dendritic structures 
by divergent (shell-like) buildup. Modification of this reaction 
scheme aLso enables the dendrimers to be prepared by the 
convergent method, i.e. generation of the dendrite branches and 
subsequent coupling to a center. Highly branched polyurethanes 
can also be prepared from the monomers mentioned by means of an 
intermolecular reaction. The important disadvantage of this 
process is the use of protective group chemistry. The 
introduction and removal of the protective qroups makes this 
process cumbersome and expensive. 
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It is an object of the invention to develop a simple process for 
preparing dendritic and highly branched polyurechanes which can 
be carried out using readily available raw materials and which, 
in particular, can be carried out without the incorporation of 
protective groups. 

We have found that this object is achieved by exploiting the 
differences in the reactivity of the isocyanate groups of 
diisocyanates or polyisocyanatcs or of the functional groups in 
the compounds which are reactive toward isocyanates in order to 
control a selective buildup of the polymers. 

The present invention accordingly provides a process for 
preparing dendritic or highly branched polyurethanes by reacting 
diisocyanates and/or polyisocyanates with compounds containing at 
least two groups which are reactive toward isocyanates, wherein 
at leact one of the reactants contains functional groups having d 
different reactivity compared to the other reactant and the 
reaction conditions are selected so that only certain reactive 
groups react with one another in each reaction step. 

Usually, the in each case most reactive groups of the monomers 
react with one another or the most reactive groups o£ the 
monomers react with the end groups of the dendrimers. 

The invention also provides the dendritic and highly branched 
polyuretiianes prepared by this process. 

For the purposes of the present invention, dendritic 
polyurethanes are maeromolecules which contain urethane groups, 
are structurally and molecularly uniform and have branched 
molecular chains going out from a central molecule. For the 
purposes of the present invention, the branched molecular chains 
themselves are also included under the term dendritic 
polyurethanes * 

For the purposes of the present invention, highly branched 
polyurethanes are uncross linked macromolecules which contain 
urethane groups and are both structurally and molecular ly 
nonuniform- They can, on the one hand, be built up going out from 
a central molecule in a manner similar to dendrimers, but with a 
nonuniform chain length of the branches. On the other hand, they 
can also be built up linearly with functional side groups or 
else, as a combination of these two extremes, have linear and 
branched parts of the molecule. 
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Preferred diisocyanatcs and/or polyisocyanates having NCO groups 
of differing reactivity are, for example, aromatic isocyanates 
such as tolylene 2 , 4 -diisocyanate (2,4-TDX), diphenylmethanc 
2,4 -diisocyanate (2,4'-MDI), triisocyanatotoiuene, or aliphatic 
isocyanates such as isophoxcma diisocyanate (IPDX) , 
2-butyl-2-ethylpentamethylene diisocyanate, 

2-isocyanatopropylcycLohexyl isocyanate, dicyclohexylme thane 
2,4 '-diisocyanate and 4-methylcyclohexane 1,3-diisocyanate 
( H-TDI ) . 

Preference is also given to iaocyanates whose NCO groups 
initially have the same reactivity but in vhich a £irst addition 
of an alcohol or amine onto an NCO group enables a decrease in 
the reactivity of the second NCO group to be induced. Examples 
are isocyanates whose NCO groups are coupled via an electronic 
system, 3.g. 1,3- and 1 ,4-ph*nylene diisocyanate, naphthylene 
1,5-diiaocyanate, biphenyl diisocyanate, toiidine diisocyanate 
and tolylene 2 , 6-diisoeyanate . 

It is naturally also possible to use mixtures of the 
abovementioned isocyanates . 

As compounds having at least two groups whieh are reactive with 
isocyanates, preference is given to using bifunctional, 
trifunctional or tetraf unctional compounds whose functional 
groups have differing reactivities toward NCO groups, preferred 
compounds have at least ona primary and at least one secondary 
hydroxy 1 group, at least one hydroxy 1 group and at least one 
mercapto group, particularly preferably those having at least one 
hydroxy 1 group and at least one amino group in the molecule, in 
particular aminoalcohols, amino diols and amino triols, since the 
reactivity of the amino group in the reaction with isocyanate is 
significantly higher than that of the hydroxy! group. 

Examples of said compounds having at least two groups which are 
reactive toward isocyanates are propylene glycol, glycerol, 
itiercaptoethanol , ethanolamina, N-mathylethanolamine, 
diethanolami.ne, ethanolpropanolamins, dipropanolamine , 
diisopropanolamine, 2-aminopropane-l, 3-diol, 
2-amino-2-methylpropane-l, 3^diol and 
tr is ( hydroxymethyl ) aminomethane . 

Furthermore, mixtures of the compounds mentioned can alac be 
used. 
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To obtain precisely defined structures in the preparation of the 
dendritic polyurothanes, it is necessary in each case to add at 
least that amount of monomers which allows each free functional 
group of the polymer to react. At the beginning of the reaction, 
it is usual for tho reactor to be charged with a poly functional 
molecule, referred to as the initiator molecule or initiator 
canter, onto each of whose functional groups a molecule which is 
^active toward this functional group is added. This is followed, 
if necessary, by removal of the unreacted monomers and 
purification of the intermediate . Subsequently, a polyfunctional 
monomer is again added onto each free functional group of the 
intermediate, followed, if necessary, by removal of the excess 
monomers and purification, and so forth until the desired 
molecular weight has bean reached or addition of further monomers 
is no longer possible for stearic reason*?. The individual 
intermediates are also rof erred to as generations, where the 
intermediate formed by addition of monomers onto the initiator 
molecule is referred to as the zeroth generation, the next 
intermediate is referred to as the first generation, and so . 
forth. The differing reactivity of the £unctional groups of the 
monomers used ensures that the most reactivo functional groups in 
each case react with the end groups of the dendrite chains and 
the less reactive functional groups of the monomers form the 
functional end groups o? the next generation of the dendritic 
polyurathanes. 

In a piref erred embodiment of the invention, the preparation of 
the dendritic polyurethanes is carried out by reacting 1 mol of a 
diisocyanate with two mol of an amino diol to fforat the zeroth 
generation of the dendritic polyurethane. The temperature in the 
reaction should be as low as possible, preferably in the range 
from —10 to 30°C. The urethane formation reaction is virtually 
completely suppressed in this temperature range and the NCO 
groups of the isocyanate react exclusively with the amino group 
of the amino diol. In the next reaction step, the free hydroxy 1 
groups of the amino diol which has been added on react 
selectively at elevated temperature, preferably in the range from 
30 to vO°C, with the more reactive NCO grou t 3 of the isocyanate 
added. The resulting dendritic polyur ethane of the first 
generation has as functional end groups the less reactive NCO 
groups of the isocyanate added. Those are in turn reacted, as in 
the preparation of the zeroth generation of th* dsndritic 
polyurethane, at low temperature with the amino diol, and so 
forth. The reaction can be carried out in bulk or in solvents or 
in the presence of a urethane-formation catalyst. Between the 
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reaction steps, removal of excess monomers and/or a purification 
step can be carried out if necessary. 

In this way it is possible to produce dendritic polyurethanes 
which double their functionality in each generation. 

Three- and higher- functional isocyanates and compounds having 
four or more functional groups which are reactive toward 
isocyanates can also be reacted in an analogous manner. 

To prepare the highly branched polyurethAnes , the preferred 
procedure is to initially react one mol of a diisocyanate with 
one mol of a compound containing at least two groups which are 
reactive toward isocyanate group* and have differing reactivity, 
preferably an omiru> diol as described above, to form a compound 
which contains both free isocyanate groups and free 
isocyanate -reactive groups, preferably hydroxy 1 groups. Heating 
and/or addition of catalyst enables this molecule to react 
intermolecularly to giva a highly branched polyurethane. The 
reaction can, if necessary, be terminated by addition of a 
monofunctional compound or by further addition of one of the two 
xeactants- However, the reaction can also be continued until the 
initiator molecule has reacted completely to give very high 
molecular weight structures. 

In a further preferred embodiment of the process of the 
invention, the preparation of the highly branched polyure thanes 
can also be carried out by first allowing one mol of diisocyanate 
to react with two mol e£ dialkanolamine and then adding one mol 
of diisocyanate having NCO groups o5 differing reactivity to this 
reaction product, namely a tetratunctional compound having 
uniform reactivity. This reaction likewise gives a highly 
branched polyurethane . 

If necessary, the functional groups of the dendritic or highly 
branched polyure thanes can be modified or made inert. Thus, 
NCO-terminated polymers can be reacted completely or partially 
with, for example, fatty alcohols, fatty amines or monoalcohols 
containing acrylate groups, e.g. hydroxyethyt aery late or 
hydroxyethyl methacrylote . Hydroxy 1 -terminated polymers can, for 
example, be made inert by reaction with monocarboxylic acids, for 
example fatty acids, or monoisocyanates and/or be functionalized 
by means of acrylic acids. The addition of aJJcylene oxideg such 
as ethylene oxide, propylene oxide and/or butylene oxide enables 
the chains to be extended. 
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Water-soluble dendritic or highly branched structures can also bo 
obtained by addition of ionic compounds onto the NCO groups or 
onto the groups which ax* reactive toward NCO groups. 
The reaction can in each case be carried out in the absence of 
solvant3 f but is preferably carried out in solution. Suitable* 
solvents are all compounds which are liquid at the reaction 
temperature and are inert toward the monomers and the and 
products • 

The dendritic and highly branched polyurethanes of the invention 
are used, £or example r as crosslinJcers for polyure thane systems 
or as building blocks for other polyaddition or polycondensation 
polymers- Further possible uses are as phase compatibilizers, 
Theological auxiliaries, thixotropes, nucleating agents or aa 
catalyst supports or carriers for active compounds. 

The process of the present invention makes it possible co prepare 
dendritic and highly branched polyurethanes from roadily 
available polyurethane raw materials in a simple way, in 
particular without the cumbersome introduction of protective 
groups . 

The process of the present invention is illustrated by the 
following examples. 

Example 1 - Preparation of a dendritic polyurethane 

la) Preparation o£ the NCO-functional initiator molecule 

1 mol of 2,4-TDI vas dissolved in 500 ml of dried toluene. At 
a temperature of 20°C, 0*33 mol of hexanediol dissolved in 
50 ml of dried tetrahydrof uran (THF) was added dropwise over 
a period of one hour. After the addition was complete, the 
reaction mixture was allowed to react further for one hour. 
The golid formed was filtered off with suction, washed with 
tolueae and dried under reduced pressure. The reaction 
product had an NCO functionality of 2 and had the following 
parameters t 

Yield: 80% 

Melting point: 134°C 

NCO content: 18.0% by weight 

Molar mass: 466.5 g/mol 



lb) Preparation of the first generation of the dendritic 
polyurethane (hydroxyl-functional) 
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0,2 mol of diethanolamine and 200 ml of dry THF were placed 
in a reaction vessel. At 20 a C, 0.1 mol of! the initiator 
molecule from Example la, dissolved in 400 ml of dry thf, was 
added dropwise over a period of one hour. After addition was 
complete, the mixture was stirred for another three hours and 
was then allowed to stand overnight. The white solid formed 
was filtered off with suction, washed with THF and dried at 
80°C under reduced pressure. The reaction product had a 
hydroxy 1 functionality of 4 and had the following parameters : 

Yield; 70% 
Melting point; 155*C 
Molar mass: 678.8 g/mol 

lc) Preparation of the first generation of the dendritic 
polyurethane ( NCO- functional ) 

0.4 mol of 2,4-TDj! and 100 «nl of dry N -msthylpYrrolidone 
(NMP) were placed in a reaction vessel and, at 20°C, 0.1. mol 
of the product from Example lb), dissolved in 500 ml of THF, 
was added over a period of 30 minutej. The reaction mixture 
was stirred until a clear solution had been obtained and the 
THF was then removed on a rotary evaporator. Tho 
NMP-containing residue waa taken up in 100 ml of diethyl 
ether/ triturated and tha aolid formed was again washed with 
100 ml of diethyl ether. Xt was subsequently dried under 
reduced pressure at 80°C. The reaction product had an NCO 
functionality of 4 and had tha following parametacs: 

Yield: 953 

Softening point: 57°C 

NCO ooneont; 12.2% by weight 

Molar mass: 1373.4 g/raol 

Id) Preparation of the second generation of the dendritic 
polyurethana (hydroxyl-functional ) 

0.4 mol of diethanolamine and 300 itil of dry THF were placed 
in a reaction vessel and r at 20°C, 0.1 mol of the product 
from Example lc), dissolved in 600 ml of THF/ wag added 
dropwise over a period of one hour. The reaction product 
precipitated immediately. The reaction mixture was atirrad 
further for one hour and the supernatant THF was decanted 
off. The remaining product was boiled with 500 ml of: hot THF 
and the supernatant solution was discarded. The resulting 
product was processed further without purification. The molar 
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mass of the product formed was 1794 g/mol and it had an OH 
functionality of 8. The yield was 95%. 

le) Preparation of the second generation of the dendritic 
polyurethann (NCO- functional) 

0.8 mol of 2,4-TOI, dissolved in 150 ml of THF was placed in 
a reaction vessel and, at 20°C, 0.5 mol of the product from 
Example Id), dissolved in 50 ml of NHP, was added dropvise 
over a period of cn3 hour. The mixture* was allowed to react 
further for 3 hours at 20°C and the THF was then taken off 
under reduced pressure on a rotary evaporator- The 
NMP-containing residue was admixed with 200 ml of diethyl 
ether, triturated and the supernatant solution was decanted 
off. This procedure was subsequently ropoatod using 200 ml ©£ 
hot toluene, the solid was filtered off with suction and was 
dried at 80*C under reduced pressure. The reaction product 
had an NCO functionality of 8 and had the fallowing 
parameters: 

Yield; 73% 
Softening point; 73 a C. 
NCO content: . IQ.5% by weight 

Molar mass: 3187.3 g/mol 

Example 2 - Preparation of a highly branched polyurethane 
( hydroxyl-functional ) 

One mol of IPDI was dissolved in 300 ml o£ dry THF and cooled to 
10 Q C, Subsequently, at this temperature/ 1 mol of diethanol amine 
dissolved in 100 ml of THF was added over a period of 30 minutes. 
After the addition was complete, the reaction mixture was stirred 
for 30 minutes at 10*C, then heated to 65°C and 100 ppm of 
dibutyltin dilaurate were added. The mixture was stirred at 65°C 
until, after about 90 minute*, turbidity caused by the polymer 
formed became visible. The reaction was then stopped by addition 
of 0.1 mol of diethanolamine dissolved in THF ♦ After removal of 
the solvent, the resulting highly branched polyurothans had the 
following parameters: 

Hydroxyl number: 250 ag KOH/g 

GPC analysis (PMMA calibration) 
Molecular weight M w : 258000 
Molecular weight M n t 5600 
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Example 3 - Preparation of a highly branched polyurethane 
( hydroxyl-functional) 

1 rool of diathanolamine was dissolved in 300 iiil of dry THF and 
cooled to 10°C. Subsequently/ at this temperature , 1 mol of IPDI 
dissolved in 100 ml of THF was added over a period of 30 minutes. 
Immediately after the commsncement of the addition, the solution 
became turbid and a suspension was formed. After the addition was 
complete, the reaction mixture was stirred for 30 minutes at 10°C f 
then heated to 65°C and 100 ppm of dibutyltin dilaurate were 
added. The solution subsequently became clear. The solution was 
stirred at 65°C until, after about 90 minutes, turbidity caused by 
the polymer formed became visible. The reaction was stopped by 
addition of 0.1 mol of diethanolamine dissolved in THF, After 
removal of the solvent , the highly branched polyurethane formed 
had the following parameters: 

Hydroxyl number: 280 mg KOH/g 

GPC analysis (PMMA calibration) 
Molecular weight M w * 147000 
Molecular weight M n : 5300 

Example 4 - Preparation of a highly branched polyurethane 
{ hydroxyl - funct ional ) 

1 mol of 2,4-TDI was dissolved in 300 ml of dry THF and cooled to 
0°C. Subsequently, at this temperature, 1 mol of 

ethanolpropanolamine dissolved in 100 ml of THF was added over a 
period of 30 minutes. After the addition was complete, the 
reaction mixture was warmed to 23°C and stirred at this 
temperature for 30 minutes* The reaction was then stopped by 
addition of 0.1 mol of ethanolpropanolamine dissolved in THF. 
After reinoval of the solvent, the highly branched polyurethane 
formed had the following parameters: 

Hydroxyl number: 290 mg KOH/g 

GPC analysis (PMMA calibration) 
Molecular weight M*,: 8600 
Molecular weight M n : 3600 
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Example 5 - Preparation of a highly branched polyurethane 
( NCO- functional ) 

1 mol ol glycerol was dissolved in 300 ml o£ dry DMF and the 
solution was cooled to -10°C. Subsequently, at this temperatura, 2 
mol of 2,4-TDI dissolved in 300 ml of DMF were added ovor a 
period of 30 minutes. After the addition was complete, the 
reaction mixture warmed to ?3°C and stirred at this 
temperature for 60 minutes. The reaction was then stopped by 
addition of 0.1 mol of 2,4-TDI dissolved in DMF. After rsmoval of 
the solvent, the highly branched polyurethane formed had the 
following parameters: 

NCO content; 13.4% by weight 

GPC analysis (PMHA calibration) 
Molecular weight Hy,i 7300 
Molecular weight M^: 2600 



1 Abstract 



In a process for preparing dendritic or highly branched 
polyurethanes by reacting diisocyanates and/or polyisocyanates 
with compounds containing at least two groups which are reactive 
toward isocyanates, at least one of the reactants contains 
functional groups having a different reactivity compared to the 
other reactant and the reaction conditions are selected so that 
only certain reactive groups react with one another in each 
reaction step. 



